It is important to determine the cardiac risk of a patient in advance to prevent premature death. This paper gives a brief of the methods used so far to determine the cardiac risk of a patient from a PPG signal. It also compares the effectiveness of each article in various criteria including cost and the paper also presents a novel technique to determine the cardiac risk of a patient at reduced cost. The paper states to find the cardiac risk of a patient form a Photoplethysmographic Signal. Arterial stiffness leads to cardiac disorders, the degree of arterial stiffness can be obtained by calculating the augmentation index of a pulse wave. Augmentation Index is an important factor of cardio vascular risk. Augmentation Index is the measure of Arterial stiffness derived from the ascending aortic waveform. Thus by calculating the augmentation index the degree of arterial stiffness can be calculated by which cardiac risk to the patient can be diagnosed. The augmentation index is determined by implementing an algorithm.
INTRODUCTION
It has been statistically analyzed that 75% of diabetic patients die prematurely due to cardiovascular disease (CVD). The absolute risk of cardiovascular disease in patients with type 1 (insulin-dependent) diabetes is lower than that in patients with type 2(non-insulin-dependent) diabetes. Unfortunately, about 9 out of 10 people with diabetes have type 2 diabetes. Thereby it is important to determine the cardiac risk of a patient in advance to prevent premature death [2] . The analysis of peripheral blood volume pulse helps to understand arterial pathologies, a major contributor to cardiovascular diseases, which is a common cause of death in modern society. The risk factors for cardiovascular diseases are associated with the increasing stiffness of the arterial wall. Photoplethysmograph is a measure of the volume of the blood in the vessel. Thus by analysing this peripheral pulse wave we can predict cardiovascular risk. High pulse pressure is now recognized as an important cardiovascular disease risk factor for myocardial infarction, stroke, and development and progression of heart failure, even after adjusting for the effects of other known cardiovascular disease risk factors. It is also evident that Elevated pulse pressure in elderly and hypertensive individuals is attributable to increased aortic stiffness and wave reflection [6] . Kidney transplant patients are prone to heart risks thereby a prior indication of the same can prevent premature death, Evidence demonstrates that cardiovascular risk reduces after kidney transplantation, but is still a major cause of death. With increasing inclusion of diabetic patients for kidney transplantation, the evaluation of cardiovascular disease in this population becomes more important [2] . Increased arterial wave reflections are associated with the presence and extent of coronary atherosclerosis and patients with cardiovascular mortality. Studies have reported an association between arterial function indices and cardiovascular risk factors, as well as the risk of incident cardiovascular events, including coronary heart disease and stroke [5] .
CONVENTIONAL APPROACHES FOR DETECTION OF CARDIAC RISK FROM PPG SIGNAL.
2. 1. Augmentation index (AIx) is traditionally obtained from pressure waveforms via arterial applanation tonometry. Eshan Patvardhan, Kevin S [1] sought to evaluate the association between AIx obtained from peripheral arterial tonometry (PAT) with cardiovascular risk factors (CRF) and coronary artery disease (CAD).The study evaluated the association of peripheral AIx and cardiovascular risk factors. PAT-derived AIx correlates with age, weight, BMI, heart rate, diastolic blood pressure, pulse pressure, and mean arterial pressure. PAT-AIx was also significantly related to age.Various studies have noted that the increase in AIx with age is not linear. AIx values increased with age up to 65-70 years of age. Beyond that, the Aix Values tended to plateau and then decrease shortly after that. It has been observed that AIx measured by conventional applanation tonometry begins to plateau at the age of 60 years. Patients with >5 CRFs had a significantly higher PAT-AIx as compared with those having only a few CRFs. It suggests that finger-derived AIx may be comparable to applanation tonometry for measurement of augmentation index and evaluation of cardiovascular risk. pulse waveform analysis. The first method mentioned above uses echo tracking techniques. MRI is used to measure the vascular Distensibility and compliance , etc .It can be done only on superficial arteries. PWV(Pulse Wave Velocity) is calculated using Moens Korteweg equation :(PWV )^2=(E*h)/(2rþ) , Where, E slope of stress strain relationship of a given vessel, Þ density of fluid, h/2rwall thickness /diameter, The third method is PWA it is performed using applanation tonometry, which uses the following formula AI%=AP/PP APAugmented pressure-difference between the first and the second systolic peak ,PPnormal pulse pressure (difference between the systolic blood pressure and diastolic blood pressure) Various non-invasive indices of arterial stiffness are available, [4] The following are the limitations .Method (i) and (ii) are complicated to perform and its very costly to use MRI in the procedure . Thereby method (iii) is the comparatively better. It is clear that PWA is one of the best approaches to measure arterial stiffness Timing of wave reflection iv.
AI(augmentation index) Both drugs ,Had no effect on Zc ,Reduced AI, Had no effect on the reflection time ,Increases the heart rate, Shortened SEP, Peripheral resistance. Thus AI depends on the amplitude of the reflected pressure wave and not the time period. And thereby it can be used to study the activity of the drug. [6] 2.7.Increased arterial stiffness, determined non invasively, has been shown to predict a higher risk of coronary atherosclerosis. Thomas Weber (7) Used ‗sphygmo Cro System(At cor medical )' for his study the formula used is AIx=AP/PP ,where AP -augmentation pressure( Difference between the first and the second Systolic peak), PP-pulse pressure .(SBP-DBP). Increase in AI is proportional to the increase in CAD (coronary artery disesse). [7] 2.8.Arterial stiffness is a precursor to premature cardiovascular disease. The augmentation index (AI) and pulse pressure (PP) are cardiovascular risk factors. The aim of this study by Jin Wook Chung and team [8] was to define the diagnostic values of the AI and PP from the peripheral arterial and central aortic waveforms in healthy subjects. [8] It was understood that there was variation in Augmentation index with respect to age and other factors like obesity etc,. 2.9.Arterial stiffness is an important factor for cardiovascular risk .Aix (augmentation index )is a measure of systemic arterial stiffness derived from the ascending aortic pressure waveform. The aim of Dirk Sommermeyer [9] is to analyze the relationship between the augmentation index derived from peripheral pulse wave measured by PPG(Photo plethysmography) and the two indices measured from an established device from Tensiomed Arterioraph Formula used: AIx_amp% = P2*100/P1, AIx_time% = T1*100/T1 , AIx_height% = body-height*100 /T1 as given in Fig.1 
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PPG appears to provide an accurate method to determine the arterial stiffness, which is an important marker for arthrosclerosis and prediction of cardiovascular risk . Henceforth the paper states that Photoplethysmography is suited for monitoring cardiac risk and it gives appropriate details required to calculate the augmentation index. [9] Remark: In all the articles mentioned above, instruments were used to measure the augmentation index and thereby they are not cost efficient. And the methodology is tedious. 
PROPOSED WORK

3.1Methodology
The experimental set up for acquisition of pulse wave and calculating its augmentation index is given in fig.1 PPG signals are taken from individual persons using Photoplethysmography unit with a sampling rate of 1000 samples/second. The frequency response for PPG it is 0.05-10Hz. It is obtained by using reflection type PPG sensor, these signal are amplified using a PPG amplifier and are interfaced with the PC using DAQ (NI USB-6009), The NI USB-6009 is a USB (Universal Serial Bus) based data acquisition (DAQ) and control device with analog input and output and digital input and output.
Fig 1: Block Diagram of the proposed work
The signals are then acquired using LabVIEW software and analysis is done by implementing the algorithm in MATLAB. LabVIEW aids in real time implementation. The block diagram as shown in Fig.2 , the acquisition of the required PPG signal from normal and abnormal subjects were obtained 
Discussion
The normal and the abnormal waveforms were different in pattern. The point of inflection was present in few abnormal signals and was unpredictable in most of the abnormal signals. This appearance of the wave in mainly due to the damping effect, and thereby the point of inflection becomes difficult to detect. This is mainly due to aging , diabetes, atherosclerosis, arterial stiffness. This work was first started by assuming Pi to be zero, but later found it to be incorrect and corrected it by the following method, the second derivative of the signal is taken to detect the point of inflection. The point at which the second derivative crosses zero denotes the point of inflection. The first derivative becomes maximum at the point of inflection. [22] 3.2Algorithm Implementation 3.2.1. Calculating the extremas:
The following is the concept of calculating the extrema of the given signal. The steps involved are as follows, (i) To find Local maximas: x=a is a point of maxima value of f , if The maximum value among the local maximas is given as the global maxima.
(iii) To find the Local minimas: x=a is a point of minima value of f, if
• f(a) = 0 and, f(x) changes sign from negative to positive as x increases through a, i.e. f(x) < 0 at every point sufficiently close to and to the left of a, and f(x) > 0 at every point sufficiently close to and to the right of a.
• Therefore the gradient is increasing. (iv) To find the Global minima:
The maximum value among the local minimas is given as the global minima. [17] 3.2.2. Identify the type of signal:
The signal has to be studied in advance so as to indentify if the point of Inflection is noticeable or not. If the point of inflection is present then the value can be taken and directly substituted in the formula (1). If the point of inflection is unnoticeable then the derivative of the signal is taken and the point of inflection is found using the derivative. The illustration of this method is shown clearly in Figure 8 .
Calculating single cycle:
The maxima is detected, for every peak , a minimum point to the left and two minimum point to the right is calculated ,and this comprises a single cycle. For each cycle the Augmentation Index calculated and the average is taken .
3.2.4.Calculating the augmentation index:
The formula used to calculate Augmentation Index is given as follows.
Where , Ps systolic pressure point.
Pd diastolic pressure point.
Pi point of inflection.
Using the above equation the augmentation index wa calculated. [17] Subjects:
The normal subjects where within the age of 40. The signals were obtained for about a min after the subject completely relaxes. The abnormal subject were with various degrees of cardiac risk , the abnormal signals were taken from patients admitted for complications that lead to cardiac risk like diabetes, bradycardia etc. there were above the age of 40.
4.RESULTS
MATLAB results
The following were the results obtained by implementing the above steps of the algorithm to calculate the augmentation index of the acquired signal. The implementation of the steps in MATLAB is given as below, The resuls given below is for healthy subject where the point of inflection is present. Pi mostly present in all healthy subjects. The following is the table stating the augmentation index of normal and abnormal subjects. A clear variation can be seen in the value of AI. 
CONCLUSION
This paper states to find the cardiac risk of a patient form a Photoplethysmographic Signal. Photoplethysmography (PPG) is the electro-optic technique of measuring the cardiovascular pulse wave found throughout the human body. The pulse wave is caused by the periodic pulsations of arterial Blood volume. Arterial stiffness leads to cardiac disorders, the degree of arterial stiffness can be obtained by calculating the augmentation index of a pulse wave . Augmentation Index is an important factor of cardio vascular risk. Augmentation Index is the measure of Arterial stiffness derived from the ascending aortic waveform.Thus by calculating the augmentation index the degree of arterial stiffness can be calculated by which cardiac risk to the patient can be diagnosed. This paper includes the literature survey of the same , in which the key points are summed up below every division. In almost all the paper studies so far every study uses tonometry and hence it's not cost effective , this paper states an algorithm which can replace the use of any instrument and hence becomes cost effective and most efficient. It can be used along with the normal bed side patient monitor to continuously monitor the cardiac state of the patient. 
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